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COMPOUNDS  IN  TilE  CATEGORT  OF  ECT-fimSG  PICFLQSIVSS 


[Folloi^ririg  is  tha  translation ,  of  an  article  bj  A.,.  Bel¬ 
yayev  and  A*  Te*  Pielyayeva  entitled  ”0  norrfi£'>.l*noj  skorosti 
i  kharaktere  ’goreniya*  nekotoiykh  initslinishchikh  vsiyv- 
chatykh  veshchestv*'  (English  versi.oB  above)  in 
Akademii  H&uk  SSSR  (Reports  of  the  Acadersy*  of  Sciences 
USSpT,  Vol  m7lo  6,  Moscow,  19’^6,. pages  507-509.] 


■  SubiTiitted  by  l.cadeBiisiati  N.  K.  Seiaenov,  3.1  F&bnxarj  1946« 

;  ' ts  have  already  been  told  (l)  that  fulminate  of  inereurj  under 
high  pressure  bums  In  an  open  space  complete3.y  steadily  with  a  cprres- 
pondin,g  small  velocity  of  the  order  of  1.5  ciri/ssc»  We  recall  that  in 
the  case  of  UincoapPGSsed  fulminate  of  mer’cary  (2)  the  burning  is  as 
a  velocity  of  several  meters  per  second,  rarjidly  changing  into  a  deton« 
at ion. 

The  velocity  of  b'urning  of  the  highly  compressed  fulminate 
of  aercuty,  by  analogy  with  gas  combustion,  may  be  called  the  nonaal 
velocity  of  butning.  Kots  that  this  velocity  is  directly  dependent 
on  the  ps,:cticular  -phYsicochemical  properties  of  the  cospotrnd  and ,  in 
particular,  on  the  refaction  rate  of  the  chemical  change  (4)* 

If  the  fuJjainate  of  aiereury  is  not  compressed,  then  the  hot 
,ex^3losiv©  gases  enter  the  pores  of  tha  material  (5*  6)  and  the  burn¬ 
ing  process  is  then  complicated  and  a  highly  significant  role  begins 
to  be  played  by  gas  dynamical  factors. ^  '^he  velocity  of  flams  propa¬ 
gation  under  those  conditions  Is  dependent  to  a  large  extent  on  the 
gas  dynamics  of  gas  jets  tearing  into  the  materia],  and  the  conflagra¬ 
tion  of  the  compound  under  the  actior*  of  those  jets.  We  have  measured 
the  ”nor’sal”  velocity  of  bui“aij:ig  of  a  series  of  other  initiating  ex¬ 
plosive  compounds  suitable  for  burrdng. 

All  the  compounds  were  compressed  under  a  r^ressure  of  2000 
kg/ cm^  by  means  of  cylinders  having  a  diameter  of  4  mm  and  a  height 
of  6-7  fflm,  Gospressicn  under  that  pressure  ensures  a  Gompaetness  of 


specific  grai/:lty  (of  the 

maxinsiffi  density). 

The  curved  s'arfacd  of  the  cylinders  was  covex-ed  with  s  thin 
layer  of  collodion;  thi.s  done  to  prevent  th®  propagation  of 
the  flaajss  on  the  surface >  which  may  take  place  at  a  velocity  higher 
than  the  velocity  of  "normal**  burnings.  The  ignition  of  the  eompotinds 
was  px'oduced  by  a  x^ire  made  incandescent  by  a  current  upon  exclusion 
of  certain  conditions  x^hich  shall,  be  di.sou.ssed  separateiy*  The  deter- 
‘mination  of  the  velocity  of  buiviing  is  done  by  photographing  onto  a 
revolving  dxm’.  Hare  one  '.can  .use  i&e  ordicwry  light  (flame)  of  the 
burning  charge  in  the  cylinder,  or  a  beam  of  light  from  an  outside 
soxxrce*  This  bears  a.t  the  beginnij'i.g  is  snclosed  by  a  cylinder  of  the 
explosive  coirpound  am  because  of  that,  at  the  end  of  the  bulging, 

5.t  illujsinates  at  all  times  most  of  the  moving  fiM.  The  second, 
"shady"  method,  shoxring  directly  the  "disappsarsnca"  of  the  con-' 
densed  phase,  has  a  number  of  advantages.  The  boundxy  of  the  illu- 
ainatsd  zone  one  obtains,  as  one  should,  very  ejlear  axad  SBiooth, 

A  comparison  of  tht^  photographs  obtained  by  each  of  these  methods 
gives  an  indirect  eonfimation  of  the  supposition  that  the  rate 
determining  reaction,  proceeds  in  the  lni.tiat-ing  explosive  compounds 
in  the  condensed  phase,  and  the  flame  itself  is  a  secondarv  process 
(1).  . 

Here  ve  quote  the  results  obtained  b3i'  xxs, 

iOPML  YEIOCIT'XSS  OF  BURHIKG  OF  SOM  BIITIATUG  EXPK)SIVES 


Compound 

Meas'ared 

Density 

Burning 
Velocity, 
cm/ sec 

Pu3jn:lnate  of  mercuiy 

3*80 

1.5,5 

Trinltrotri-asobenaol 

1.70 

0.65 

Trieycloacetone  peroxide 

1.22 

0.95 

I)ia?xOdinitrobenzene 

IM 

2.15 

Potassium  pierato 

1.83 

1.50 

Lead  trinitroresorcinol  salt  (LT13R) 
Mixture  of  lead  styjjhnate  and 

Ssplodes 

60^  talcum ' 

Mixture  of  fulmiinate  of  mercvxry  and 

14.5 

40^  talcum 

0..55 

¥s  mention,  first  of  all,  that  on 

t?ie  ignition  of 

the  tricyclo* 

acetone  pejmide  xjjl.th  a,n  incandescent  wire  an  explosion  takes  place  (?)« 
¥e  have  achieved  a  steady  buiviing  of  the  peroxide,  igniting  it  xxrith 
compressed  fulminate  of  mercury.  One  may  presume  that  the  rel.atively 
I  slow  heating  ignition  wire  caxises  a  preliminary  vmmup  of  soirie  parts  | 

^  Z 


of.  ail  coapounds  amounting  to  88-95“^  of 


I  of  the  peroxide  Tfeiiich  leads  to  an  explosion  (8) «  lii  addlt-xon  to  th^ 
cotoonnds  shown  in  the  table,  we  also  tasted  barin.a  rixtrxae  ano  sod« 
im  pici'ate,.,  Both  of  these  coapounds  have  proved^ttng«aiteble_.i.or 
steady  bnriiing*  Bariuit  nitride  biirns  on  1-?.  sss  X'fith^a  yeloc-xty  or 
G»3“0»'4>  cjsi/sec  8.n,d  then  goes  out;  sodniM  p'icrate  on  igjittion  gives 
3.  KUEiber  of  separate  flashes  without  fonsatioii  of  sueaciy  buriiXiig* 

ill,  compotinds  investigated  by  us,  apart  fi“ord  the  LSIR  r  see  belowj 
under  the  conditions  mentioned  above  bum  with^a  coir^^arable  velocity 
_  and  as  the  photographs  show,  coispletely  steadily,,  \ 

¥e  note  that'  the  velocity  of  burning  of  STM  (trxnxtrotn-azo* 
bemol)  ms  the  smallest  of  all.  the  cosipounds'  contained  in  the  table, 
all. -of  which  exceeded  by  ab<yxt  ten  times  the  velocity  of  Duping  o_ 
nitrogeletin  which,  accoud.ing  to  the  dat-a  of  Andreyev  oepngs 

asoris'’’the  fastest  burning  secondary  explosive's.  As  a  rul.p  all  ^ 
the  figures  cruoted  ’os'-  us  are- averages  of  several  ob,3erva.tio;.  o,  ^he 
best  repetition  wsyr®  given  by  TI^TiB  and  fuluiinate  of  spcup. 

In  the  ignition  of  L®^Fc  (lead  triiiitrorporcinol  salt)  wxtn 
tVie  incandescent  'wira,  an  explosion  follows  x^iuh  an  approei^iDle  mech- 
anisal  effect.  If  one  should  ignite  the  LTlffi  x-rith  cordpressp,  xul« 
iaing,te  of  mercury,  then  the  explosion  does  not  take 
very  intense  flash  is  produced,  ■‘'he  mixture  of  h0%  Lpr.  and  u0„?  ■ 
talcum  bums  virith  a  veD-Oeity  of  l4*5  cm/ sec*  Obviously,  the  veloc¬ 
ity  of  burning  oi  pure  LTMR  should  be  higher  still.  At  this^  velo¬ 
city  of  braning  on  the  surface  of  the  burning  pellet  there  spxild 
ensue  an  a'ppreciabl'e  pros-siire  incr-ease  (5)  ,■  which  should  lead  p  an 
^explosion*’  of  the  steady  burning  region  and  to  the  transfcmaxion  of 

burn.i.ng  into  a  detonation.  -  ^ 

If  instead  of  eylinders  whose  curvect  surface  xs  coatsc  piitn 
collodion,  one  should  take  cylinders  wi-th  unco&.ted  cupel  surfaces, 
then,  as  regards  fulminate  of  mercury  and  potassixun  picrate,  neither 
the  ffiechanikm  nor  the  velocity  of  burning  is  changed.  We  thre-w  the 
burning  pallets  of  ffilmins.te  of  mercuxy  and  ofpctassitm  picx'ate.  into 
■water:  the  burning  ■would  then  cease,  fhe  burning  prpcepas  flat 
and  did  not  ha^ve  a  conic  shape,  which  is  charact-eristie  xAen  the 
velocity 'of  flame  propagation  is  higher  than  ■ttie  '*norsB.al**  burning 

velocity.  ,  ^ 

As  regards  'fflTAB,  tricycloacetone  peroxide,  and  dxaaodjjiitro- 
phenol  without  cover,  a  velocity  is  established  close  to  the  velocity 
■  present  when  there  is  cover  (graater  by  about »  therefore, 
oh  the  sii.rface  a  jump  of  flame-s  takes  place  with  a  ve.Loeity  many^ 
times  gx-eater  than  the  **'nors.al**  velocity,  .if  ons  increases  suffic¬ 
iently  the  initial  teviperature  of  the  .fulminate  of  mercury  or  potes- 
S3.;3ri  picra.te,  then  the  i'UEip  of  the  flsmes  on  the  uncovered  surface  also 
•takes  place  ■jdth  these  compoxmds. 

Let  us  consider  in  general  the  mode  of  burning  of  some  of  the 
compounds  .at  pressures  less  than  atmospheric.  As  ■S’las  *aiready  shown.-  . 


3 


\,l),  atr  pressures  of  10'~20  itm  Hg  acd  ^oss,  t-he  fMjjSiixia’te  of  Ksrcujry 
"banis”  without  light,  with  depositioa  on  the  xralls  of  the  bell  of 
very  dirty  falniinate  of  mercurj-.  Potassium  picr&te  loses  the  abll- 
itj'-  to  burrx  already  at  the  pressure  of  500  mi  In  persistent 
attes^its  at  ignition  it  gives  off  a  matber  of  flashes,  sjurdlarly 
to  sodiiVTi  picrate  at  atoisosphera-c  prsssui^e.  The  pex'ozide  of  ti'icy" 
eloacetone  may  burn  steadily  even  at  a  pressure  of  40  mm..  Eg.  At  ' 
100  m.  Hg,  a  vxhite  deposit  appears  on  the  w*alls.  If  one  collects 
this '.deposit,  then  on  ignition  it  !?srslls  slightly;  however,  it  is 
not  peroxide,  but  a  substance  with  a  higher  melting  point  and  lower 
volatxlaoility .  TSTAB  burns  stsadily  even  at  a  pressure  of  10  tiira 
Hg,  Its  characteri.stic  property  is  also  the  presence  of  flames  at 
very  low  pressures.  As  the  pr^ss.rre.  deox-ssses,  the  flame  at  first  g 
gets  fain'ter  and  stretches.  Then  the  flame  decreases  3ri  size.  At 
10  mm  Hg,  the  flams  is  vsx:^’"  faint  sjxd  small,  . 

thus,  ourjiiiig  at  decreased  pressure  in  the  case-of  all  inves¬ 
tigated  substances  is  charactari'Ked  by  the  separate  respective  dis¬ 
tinguishing  features,  ' 
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